optic cable. The fiber optic capable carries laser lightinto the handpiece. For most of the purposes contemplated herein, the argon laser light is preferred. The handpiece includes a collimating lens such that the laser light is collimated and a collimated laser output exits said handpiece. Collimated laser light is found to be useful in initiating the curing of dental resin restorative materials. Also placed within the handpiece is a mirror for controlling the direction of laser light output from said handpiece and for directing the collimated laser light toward a dental work area. Finally, multiple detachable attachments are provided which are capable of being mounted on the exterior or at the proximal end of said handpiece for optionally modifying said colli mated laser light output. Such attachments may include lenses, optical filters, and fiber optic cables. -? ? ? I S , The present invention relates to a laser system for per forming a variety of dental procedures, particularly curing of dental restoratives. More particularly, the present invention relates to a device which provides a collimated laser light output for use in dentistry, together with removable attach ments for modifying the light output of the device.
2. Technical Background Numerous recent improvements in dentistry have related to the manner in which conventional procedures are per formed, as well as improved and expanded procedures available through improvements in technology. One signifi cant area of advancement in dentistry has related to improvement in materials available for use in dental proce dures. For example, modern dentists have available a wide scope of materials which have not been traditionally used in dentistry. While composite resin-based materials have been known for some time, they have had limited applicability to dentistry because of limitations in the characteristics of the materials. A particularly notable problem relates to the inability to adequately and uniformly cure these materials.
In recent years, however, development of these materials has resulted in more acceptable dental materials, even though problems with curing continue.
Reactive composite resin materials of the type used in dentistry are generally classified as either condensation resins or addition resins. Condensation resins generally involve the reaction of two different chemical species to produce a final cured product. Addition resins, conversely, rely on the generation of an activated free radical which is added to the resin and which initiates the polymerization reaction.
Light cured resins are generally considered to be addition resins. In these systems light activates or decomposes a light sensitive molecule, which in turn initiates the polymeriza tion reaction within the resin system. Some photoinitiator molecules which have been used in such systems include benzoin methyl ether, camphoroquinone, biacetyl, and acenaphthenequinone. These materials are well known and commercially available.
Typically, the photoinitiator used in the composite resin system is decomposed upon exposure to light of a specific wavelength. This provides significant advantages. For example, it is possible to work freely with the material until it is set in place. At that point, the material is exposed to light of a wavelength which will initiate cure. Thus, control over cure is maintained by the user.
In order to cure addition resin composite materials, the use of laser light has been suggested. The use of conven tional light sources has resulted in generally inadequate curing in certain areas of its application because of the insufficient energy available from such conventional light SOLCS. Laser light has been found to have a number of advan tages over conventional light sources. Laser light can be produced which is essentially monochromatic. Conventional light sources, conversely, contain a full spectrum of wave lengths. As a result, it is possible to chose a laser wavelength or wavelengths which correspond to specific wavelengths which trigger curing in the composite resin. Another advan tage of laser light is that it is "coherent.' That is, it forms a single integrated beam of light. This allows the light to be channeled through precision optics and focused into a fiber. In this manner, the beam as it exits the fiber is divergent. If the proper distance and spot size are maintained, it is possible for the laser light to provide sufficient energy to initiate the polymerization reaction of the composite resin.
Problems have been encountered even in the use of laser light initiated addition resin systems, such as the recurring problem of uneven cure. A number of factors may influence the adequacy of cure, including the nature of the composite resin system used, the shade of the composition, light exposure time, the type of light source used, the energy density of the light and the dimensions and other character istics of the restoration. It will be appreciated that dealing with these factors presents the dentist with a difficult task.
The problem is made more difficult with the use of a divergent laser beam which occurs straight from the end of a fiber optic cable. Divergent beams are used in order to provide sufficient beam strength at a single point of interest. The limitation with this technique is that it is necessary for the dentist to manipulate the laser beam such that the proper spot, as it relates to the energy density, is placed at the desired location on the composite restoration in order to achieve adequate and even cure. This is difficult particularly in view of the fact that the laser light may be outside the visible spectrum or if the laser light fluoresces the material to be cured, thereby obscuring any definitive spot size. If adequate cure is not achieved (if there is a failure to fully polymerize the resin composite) it may result in retention failures, adverse pulpal responses, and a general decrease in the properties of the restoration.
Thus, while the use of composite resins has a number of appealing features, the actual use of these materials has been problematic. In particular, there have been significant draw backs in the devices used to initiate cure. The limitations of these devices has resulted in inadequate and inconsistent curing of the composite resins. Clinically, this is seen as an incomplete cure, or poor bonding of resin to the tooth substrate especially down at the base of the cavity prepara tion. If the manipulated spot size is to large, inadequate cure may occur. If the manipulated spot size is too small, there exists a danger of dental pulpal injury, due to a hot energy density temperature rise. In addition, a manipulated small spot could cause a degradation in the filling material and its ability to bond to the tooth.
It would be an advantage in the art to provide a laser device which overcame the limitations identified above. At the same time, it would be beneficial to take advantage of the other possible uses of lasers in dentistry. For example, lasers have potential for use in dental surgery, including the cauterization of blood vessels. Lasers have been suggested for use in the place of scalpels in significant dental surgery. In addition, it is possible to use laser light in endodontic procedures. Accordingly, it would be a significant advancement in the art to provide a device which was capable of overcoming the limitations now experienced in the delivery of laser light for use in dental procedures. In particular, it would be a sig nificant advancement in the art to provide a device capable of delivering laser light having constant power along the 5,616,141 3 beam, rather than a divergent beam. In that regard it would be an advantage to provide such a device which was capable of achieving consistent curing of dental restoratives. It would also be a significant advancement in the art to provide means for performing several different functions with a single source of laser output.
Such methods and apparatus are disclosed and claimed herein.
BRIEF SUMMARY AND OBJECTS OF THE INVENTION
The present invention is related to a laser system for use in performing various types of dental procedures, including specifically the curing of dental composite resin materials. The device of the present invention includes a dental hand piece. The handpiece is configured in the same general shape and size as standard dental instruments.
The dental handpiece includes an internal attachment for placing the handpiece in communication with a source of laser light, namely the terminus of a fiber optic cable. The fiber optic cable terminates within a portion of the hand piece. As the laser light exits the fiber optic cable it passes through a collimating lens positioned within the handpiece. This beam then exits the handpiece.
As a result of the structure of the present invention, a laser beam of constant cross section is produced. This beam also has relatively constant power over its usable length. This is a significant advantage over conventional devices. Conven tional devices diverge the laser beam in order to achieve adequate energy density at a single point. It is difficult, however, to manipulate the focal point so that even cure is achieved. With the present invention precise positioning of the handpiece is not required because of the collimated nature of the laser output.
Also placed within the handpiece is means for controlling the direction of laser light output from the handpiece and for directing the laser light toward a dental work area. This may, for example, comprise one or more mirrors for directing the laser light from the interior of the handpiece onto the desired dental work area. Importantly, the light remains collimated and is not focused or diverged by the means for directing the light output.
Another significant advancement provided by the present invention is a disposable or sterilizable sleeve which can receive the handpiece described above. The present inven tion would allow for the utilization of a removable, steril izable handpiece, separated at its proximal end (fiber optic cable end) from the collimated optics and handpiece nut. Multiple sleeves may be provided which contain different types of optical elements for optionally modifying laserlight output in a specific desired manner. These sleeves constitute multiple detachable attachments capable of being mounted on the exterior of the handpiece. For example, the sleeve may include a filter which is positioned over the output window of the handpiece. In this way, it is possible to more accurately select the wavelength of the light output from the device.
Alternatively, the attachment may include a focusing lens. Using a focusing lens it is possible to use the same device for surgical procedures, and then remove the focusing lens to perform curing functions. Similarly, it is possible to add a fiber optic connector as an attachment. Using this type of device it is possible, for example, to connect the laser output to an endodontic fiber optic and perform certain endodontic procedures with the device. In addition, one of the attachments may comprise a simple dental contact instrument attachment. This attachment may be added without modifying the collimated laser output of the device. This attachment is useful in manipulating the restorative or for performing other types of conventional dental manipulations, while at the same time maintaining the availability of immediate collimated laser output.
Finally, all handpiece functions could be done by using different removable sterilizable handpieces connected at the proximal end to the collimated optics and standard dental handpiece nut. All handpieces could be removed from the collimated optics connected with a single screw attachment or slip fit snap in connection. The collimated optics would be incorporated within the dental handpiece and would not be sterilized. The removable handpiece, in this case, could have different functional sleeves, or one could simply utilize separate functional handpieces. The change would take place by a sleeve change on the removable handpiece or by separate individual handpiece.
As mentioned above, the fiber optic which terminates within the handpiece is placed in communication with a source of laser light. It is presently preferred that this laser source be an argon laser. Argon lasers are presently preferred because the laser output of such lasers is of wavelengths which are capable of initiating cure. These wavelengths include 457.9 nm., 468 nm., 476.5 nm., 488 nm., and 496 I.
Using the device of the present invention, it is simple to facilitate the cure of activated composite dental resin restor ative materials. This process involves placing a sufficient quantity of light activated dental resin restorative material at a chosen location and then directing an output of collimated laser light onto the dental resin for a sufficient time to effect curing of the dental resin restorative. As mentioned above, the wavelength of the laser light is selected such that it is suitable for use in activating curing of the dental resin and preferably originates from an argon laser.
Accordingly, it is a primary object of the present invention to provide a device which is capable of overcoming the limitations now experienced in the delivery of laser light for use in dental procedures.
More particular, it is an object of the present invention to provide a device capable of delivering laser light having constant power along the beam, rather than a focused or divergent beam.
It is also an object of the present invention to provide means for performing several different functions with a single source of laser output.
These and other objects and advantages of the invention will become apparent upon reading the following detailed description and appended claims, and upon reference to the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
In order to more fully understand the manner in which the above-recited and other advantages and objects of the inven tion are obtained, a more particular description of the invention briefly described above will be rendered by ref erence to specific embodiments thereof which are illustrated in the appended drawings. Understanding that these draw ings depict only typical embodiments of the invention and are not therefore to be considered limiting of its scope, the invention will be described and explained with additional specificity and detail through the use of the accompanying drawings in which: FIG. 10 is a longitudinal cross sectional view of a further embodiment of the device having a removable handpiece attached to a standard set of fiber optics.
DETAILED DESCRIPTION OF THE PREFERRED EMBODEMENTS
The present invention can be best understood by reference to the drawings where like parts are designated with like numerals throughout. FIG. 1 shows the dental laser hand piece 10 of the present invention connected to a argon laser 12 by means of a fiber optic cable 14. The laser may, for example, comprise an argon ion laser. As mentioned above, the present invention provides convenient means for deliv ering laser light for dental applications.
Various types of lasers may be used in different dental applications; however, argon lasers have been found to be particularly adaptable when curing of composite resin mate rials is desired. Argon lasers are known to provide laser light outputs generally in the blue-green portion of the spectrum, and these outputs are found to be ideally suited for this type of dental application. Specifically, the argon ion laser is known to produce strong bands in the 457.9 mm., 468 nm., 476.5 nm., 488 mm., and 496 mm. regions. Acceptable argon lasers of this type are available commercially. One example is the Model 5500 AWC-00 available from Ion Laser Tech nology, Salt Lake City, Utah.
As mentioned above, the output of the laser 12 is directed into a conventional fiber optic cable 14. Again, suitable fiber optic cables and couplers of this type are well known and commercially available. Suppliers of such fiber optic cables include Fiberguide Industries and 3M Specialty Fibers. In this manner, the laser light output of the laser 12 is trans ported in a readily controllable manner through the fiber optic cable 14 to the dental handpiece 10 for use by the dentist.,
The manner of operation of the dental handpiece 10 can be more fully appreciated with reference to FIGS. 2-10. Referring specifically to FIG. 2, a longitudinal With continuing reference to FIG. 2 , laser light 20 exits the fiber optic cable 14 and is directed toward the front 22 of the handpiece 10. As the light exits the fiber optic cable 14, it tends to disperse. Accordingly, it is necessary to provide optics for capturing the laser light output 20 and placing it into a usable form. For the purposes of the present invention, collimated light is preferred. Accordingly, the light 20 is passed through a collimating lens 24. The collimating lens 24 takes the laser light 20 and converts it into a parallel collimated beam 26 of constant cross section. Again the collimating lens 24 is mounted within the hand piece by conventional means, such as by lens support 28.
Collimating optics assemblies are commercially available from a variety of commercial sources, including NSG America, Inc.
The collimated laser beam 26 continues to travel toward the front 22 of the handpiece 10 where it encounters means for controlling the direction of the laser light 20 as it exits the handpiece 10 and for directing the laser light output 20 toward a desired dental work area. In the illustrated embodi ment, this means for controlling the direction of the laser output comprises a mirror 30. The mirror 30 is positioned such that it is capable of reflecting the collimated laser beam 26 through the exit window 32 and out of the handpiece 10. The exit window 32 is comprised of a piece of optical quality glass which allows the passage of the laser light beam 26 without distortion, but which protects and encloses the interior of the handpiece 10.
By the use of the handpiece core 16 it is possible to receive the output of the argon laser 12, and to place that output into a useable collimated laser beam 26. As discussed above, the use of collimated light 26 has a number of significant advantages in dental applications. In particular, the availability of a collimated laser light output 26 allows curing to take place without the uncertainties and uneven curing experienced using conventional methods in that col limated light 26 has constant power and cross section over its useable length.
In actual practice, it will be desirable to enclose the handpiece core 16, to protect it from damage, and to isolate the handpiece core 16 from the work area. This is accom plished by means of a disposable or sterilizable sleeve 34 as illustrated in FIGS. 3-8. Reference is made to FIG. 3 where the sleeve 34 is configured such that the handpiece core 16 fits securely within the interior of the sleeve 34. At the same time, the sleeve 34 is provided with an opening 36 which corresponds to the window 32, through which the laser light 20 exits the handpiece core 16. Thus, the sleeve is able to protect the handpiece core 16 while not obstructing the output of laser light 20. At the same time, the sleeve 34 may be constructed such that it is easily gripped and manipulated by the dental professional. The sleeve 34 may be constructed of easily disposable medical grade plastic materials, or it may be constructed of sterilizable materials such as stainless steel.
FIG. 3 illustrates the general method by which the colli mated light output is used to cure a dental restorative. In   FIG. 3 , the collimated beam 26 is directed onto a tooth 27 which has been repaired using an resin material. It will be appreciated that the initiation of the cure has been simplified 5,616,141 7 by the present invention in that the collimated beam 26 has relatively constant power over its usable length. Thus, fine manipulation of the handpiece 10 may not be as critical as has been the case with conventional devices.
The sleeve 34 may be modified to perform a variety of significant functions. Indeed, it is presently preferred to provide a series of sleeves which comprise multiple detach able attachments to the dental laser handpiece 10. For example , FIG. 4 illustrates the handpiece 10 surrounded by a sleeve 37 in the same generally manner as described with reference to FIG. 3 . In this embodiment, however, the sleeve 37 is equipped with a filter 36. The filter 36 may be chosen such that light of only a single specific wavelength exits the device 10, or may make other desired modifications to the light output 10. Thus, it is possible to provide a collimated laser output 26 at a specific wavelength such that curing of composite resin materials is initiated in an efficient and controlled manner.
In some contexts, it will be desirable to use this device for surgical procedures, as well as for curing of composites. When this is the case, it will be necessary to modify the collimated light output 26 of the handpiece 10 for the particular application. Thus, sleeves may be provided which expand the detachable attachment function of the invention by including light modification devices on the sleeve.
One When the surgical procedure is completed, the sleeve 42 and the focusing lens 40 can be removed. At this point, it may be desirable to perform other dental functions. For example, it may then be necessary to cure a dental restor ative material. If this is the case, sleeve 34 or 37 are easily installed such that a collimated beam 26 is provided to initiate cure. Alternatively, the other sleeves discussed below may be used to perform various other types of dental procedures. In any event, it will be appreciated that the handpiece core 16 is made adaptable to provide a variety of functions.
In certain applications, it may be desirable to direct the laser output into a further fiber optic cable such that it can be provided in small and hard to reach spaces. FIG. 6 illustrates one embodiment of a detachable attachment (i.e. sleeve) which performs this function. Sleeve 44 illustrated in  FIG. 6 is placed on the handpiece core 16 in the same manner as discussed above. Sleeve 44 is equipped with both a focusing lens 46 and a fiber optic connector 48. By employing this structure it is possible to direct a focused laser output 20 into to a fiber optic cable for use in contact surgery illumination, and curing in hard to reach areas. This is a significant benefit in that conventional dental laser devices to not provide these capabilities in conjunction with providing easily accessible collimated light. FIG. 7 illustrates further the embodiment of the device shown in FIG. 6 In FIG.7 a fiber optic cable 50 is connected to the fiber optic connector 48. The fiber optic cable 50 then carries the laser light output 20 to the desired location. As illustrated in FIG. 7 , that area may comprise an endodontic work area 51. In this manner, the same device 10 which is ideally adapted to initiated curing of dental composites is also readily usable for other dental curing procedures such as endodontic curing of root canal fiber optic master cone fillings. in FIG. 8 . In FIG. 8 , the sleeve 52 is equipped with a dental packing instrument 54. When this attachment is in place, the collimated laser light output 26 still exits the device in the manner described above. The dental packing instrument 54 does not signifi cantly interfere with the collimated beam 26. The packing instrument 54, however, provides the dental professional with the capability of manipulating the restorative material or other materials in the mouth, before, during, and after the initiation of curing. FIG. 9 is an alternative embodiment of the present inven tion. In this embodiment, the primary optical elements of the device are provided in a universal base unit 56. The univer sal base unit provides a terminal point for a fiber optic cable 58. As with the embodiments of the invention described above, the laser light which exits the fiber optic cable 58 is directed through a collimating lens 60. The collimating lens 60 is held in place by a lens support 62 which is placed within the universal base unit 56. The universal base unit 62 also includes a standard base nut 64, or similar structure, which is capable of removably attaching the universal base unit 62 to a removable attachment of the desired type.
One type of removable attachment is illustrated in FIG.9 and is designated generally as 66. The attachment 66 is comprised of a removable handpiece 68 and the necessary optics. In the illustrated embodiment, the handpiece 68 includes a pair of sealed windows 70 on both ends of the handpiece 68. These windows protect the interior of the handpiece, and may be chosen Such that they modify the characteristics of the laser light output in some desirable alle.
The handpiece 68 also includes a mirror 72. The mirror 72 performs the same function as the mirrors described above. That is, the mirror provides means for directing the laser light output in the desired direction.
FIG. 10 illustrates a slightly different configuration of the device. This embodiment is also based on the universal base unit 56. The handpiece 74 is simply shaped differently. The handpiece 74 also includes a mirror 76 for directing the output from the universal base unit 56. This configuration of the device is more maneuverable and could find application in curing resin restoratives. As discussed above, the present invention provides an improved process for curing visible light activated compos ite dental resin restorative materials. The process essentially involves placing a sufficient quantity of light activated dental resin restorative material at the chosen location in the mouth. The collimated laser light 26 from the device 10 is then directed onto the dental resin for a sufficient time to effect curing of the dental resin restorative. As mentioned above, the laser light 20 preferably originates from an argon laser such that the laser light 20 is selected such that it has a wavelength which activate curing of the dental resin.
The present invention provides a significant advantage over other laser curing systems in that a collimated beam 26 is provided. As mentioned above, collimated light 26 is preferable because it is of generally constant power over its cross section and usable length. By the use of collimated light 26 it is possible to avoid inconsistent curing and the problems which inconsistent curing causes. For example, unlike using conventional laser devices, it is not necessary for the dentist to precisely estimate where the focal point of the light is and perform the accompanying manipulation of the device such that the precise focal point contacts the restorative material. Rather significant leeway is provided 5, 616, 141 9 by the present invention because the light does not have a focal point and the power of the light 20 output is relatively constant. In this manner, a constant power Source contacts the restorative and is able to penetrate the restorative to initiate consistent curing.
It will be appreciated that the present invention accom plishes each of the objectives set forth above. The present invention is capable of overcoming significant limitations now experienced in the delivery of laser light for use in dental procedures. As discussed above, the device is capable of delivering laser light having constant power along the beam, rather than a focused or divergent beam. At the same time, the device provides means for performing several different functions with a single source of laser output. Thus, there is increased flexibility with the present invention.
The invention may be embodied in other specific forms without departing from its spirit or essential characteristics. For example, as previously mentioned, the sleeves used for sterilizability and function changes could be substituted by the use of separate handpiece. The embodiments could relate to FIGS. 9 and/or 10. The essential part of the art for ensuring a consistent even cure is maintained by the utili zation of the collimated optics. In the design, the collimated optics would be maintained in the proximal end of the handpiece situated in the standard dental handpiece nut. The described embodiments are to be considered in all respects only as illustrative and not restrictive. The scope of the invention is, therefore, indicated by the appended claims rather than by the foregoing description. All changes which come within the meaning and range of equivalency of the claims are to be embraced within their scope.
What is claimed and desired to be secured by United
States Letters Patent is:
1. A method for curing dental composite material having a light activated cure mechanism comprising the step of directing a beam of substantially collimated laser light toward said dental composite material such that curing of said composite material is initiated, said laser light being selected such that it has a wavelength greater than 400 nm. 3. A method for curing dental composite material as defined in claim 1 wherein said source of laser light has light with wavelengths selected from the group consisting of 457.9 mm., 468 nm., 476.5 nm., 488 nm., and 496 mm. 4. A process for curing visible light activated composite dental resin restorative materials, comprising the steps of:
placing a sufficient quantity of light activated dental resin restorative material at a site of dental repair; directing an output of substantially collimated laser light onto said quantity of dental resin for a sufficient time to effect curing of the dental resin restorative, said laser light being selected such that the laser light has a wavelength greater than 400 nm and the wavelength activates curing of said dental resin. 5. A process for curing dental resin restorative materials as defined in claim 4 wherein said laser light originates from an argon laser.
6. A process for curing dental resin restorative materials as defined in claim 4 wherein said source of laser light has light with wavelengths selected from the group consisting of approximately 457.9 nm., 468 nm., 476.5 nm., 488 mm., and 496 nm. 7. A process for curing dental resin restorative materials as defined in claim 4 wherein said collimated light is provided by a laser device for curing ceramic dental mate rials comprising a dental handpiece; a source of laser light in communication with said dental handpiece and terminat ing within a portion of said handpiece; means within said handpiece for collimating said laser light such that a colli mated laser output exits said handpiece; means within said handpiece for controlling the direction of laser light output from said handpiece and for directing said laser light toward a dental work area such the laser beam which exits said dental handpiece has substantially constant power over the effective length of the beam, such that curing of said ceramic dental materials can be initiated substantially evenly. ck k k k k
